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 
Abstract— Microcantilever biosensors produce cantilever 
bending due to differential surface stress between upper and 
lower surfaces of the cantilever. The bending is associated with 
concentration of ligands and adsorbed ligand-receptor 
intermolecular forces. Sample volume sizes in clinical 
diagnostic applications are usually very minute requiring a 
highly sensitive microcantilever for disease detection. This 
paper investigates a number of parameters that influence the 
sensitivity of microcantilever biosensors. The parameters 
include length, thickness, shape, and material of the cantilever 
beam. Biosensors of varying parameters are modeled and 
simulated. The results show that increasing the length of the 
cantilever beam enhances its sensitivity. However, increasing 
the thickness of the cantilever beam reduces its sensitivity. In 
static analysis, the shape of the cantilever beam does not 
notably impact upon its sensitivity. Also, using materials with 
lower Young’s modulus improves the sensitivity. 
 
I. INTRODUCTION 
ICRO electromechanical systems (MEMs) technology 
has created enormous possibilities in creation of 
highly sensitive and high throughput miniature sensors. The 
biological and chemical fields are the areas that greatly 
benefit from this development. A lot of research efforts have 
been spent on microcantilever-based sensing. This is evident 
by many publications including a number of good 
critical/tutorial review papers [1-4] in recent years. 
Microcantilever based sensors are highly sensitive, low in 
cost, simple to fabricate and easy to integrate into microarray 
format. Furthermore, microcantilever-based sensors offer 
label-free detection for biochemical process. 
 High selectivity of the sensor can be achieved via surface 
functionalization.  The surface of one side of the 
microcantilever is coated with a thin metal layer/ 
stimuli-responsive polymer brushes and/or immobilized 
with antibodies/proteins/aptamers. Meanwhile, the backside 
of the microcantilever is blocked with chemical such as 
ethanolamine or bovine serum albumin to prevent 
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non-specific binding/adsorption. 
Applications of microcantilever sensor can be found in 
pH sensing [5], monomethylmercury detection [6], fungal 
species detection [7] and biomolecular analysis such as 
DNA detection [8, 9], antigen-antibody binding [10], 
drug-target binding interactions [11], and analysis of 
multiple differential gene expression [12]. It is also used in 
investigation of the growth of protein fibrils near the 
solid-liquid interface and their principles of aggregation to 
prevent neurodegenerative diseases [13]. 
 Microcantilever sensors can operate in two modes (see 
Fig. 1): static and dynamic. In the static mode, the 
microcantilever sensor operates based on the difference of 
surface stress generated between the top and bottom surfaces 
during binding or adsorption of target molecules on a 
functionalized surface. This change of surface stress causes 
the cantilever to bend. This bending is known as deflection. 
The deflection can be upwards or downwards depending on 
the type of intermolecular forces (steric repulsions, van der 
Waals, electrostatic, hydrophobic and hydrophilic) 
generated between the adsorbates. The microcantilever’s 
deflection varies as a function of adsorbate coverage.  
In dynamic the mode, on the other hand, the 
microcantilever beam is oscillated at a certain frequency and 
when ligand binds with receptor, the change in oscillation 
frequency due to mass loading is measured. Recent works in 
[14] and [15] however suggest that the dynamic response 
change is mainly due to surface stress induced by 
biomolecular interactions rather than mass change effect.  
In this paper, we aim to investigate the factors that 
influence the sensitivity of a microcantilever biosensor. 
Different cantilever geometries, shapes and materials are 
explored using the finite element method (FEM). FEM 
analysis is conducted using Coventorware.  
 The paper is organized as follows. Section II gives the 
theoretical framework of the cantilever beam. Section III 
presents the FEM modeling and simulation results. It also 
gives a discussion of the simulation results. Finally, 
conclusions are given in Section IV.  
II. THEORETICAL MODEL 
The following assumptions are made in the theoretical 
model: 
i. The cantilever beam material is homogenous, 
isotropic and obeys Hooke’s law.  
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ii. Shear deflection can be neglected as long as the 
lateral displacement in y-axis is small. 
iii. The length of the beam has to be much greater than 
its cross sectional dimensions.  
iv. Misfit strains state in-plane is equi-biaxial and is 
spatially constant over the plate system stress. 
 
 
Fig. 1: Operation of microcantilever sensor. (a) Static mode: 
(i) top side of the beam is coated with receptor molecules, 
and bottom side of the beam is blocked to prevent 
non-specific binding, and (ii) when ligand binds with the 
immobilized receptor molecules, the beam deflects. (b) 
Dynamic mode: (i) the microcantilever beam is oscillated at 
a certain frequency and when ligand binds with receptor, 
and (ii) the change of frequency occurs. 
 
According to Hooke’s law for isotropic material: 
  zyxx E   1                      (1) 
  zxyy E   1                      (2) 
whereby σ, ε, E and ν represents stress, strain, Young’s 
modulus and Poisson’s ratio of the microcantilever material. 
Assumption iv results in σzz = σxy = σyx = 0 and σ = σxx = σyy. 
By substituting these values in Equations (1) and (2), this 
generates: 
  1
E
                                  (3) 
where E/(1-υ) is the biaxial modulus. The displacement of 
the cantilever beam is given by: 
EI
Mxz
2
2
                                        (4) 
 
Fig. 2: Cantilever beam geometry layout. 
 
 
Using Euler-Bernoulli beam theory formula, radius of 
curvature, R is given by: 
  232
2
2
1
1


 

dx
dz
dx
zd
R
                     (5) 
For small deflections, the denominator in Equation (5) is 
approximately equal to unity which leads to: 
2
21
dx
zd
R
                                  (6) 
Therefore substituting Equation (4) into (6) gives: 
EI
M
R
1                                    (7) 
where M is the moment acting on the beam, and I = wt3/12 is 
the second moment of area of the beam. The second moment 
of area of a rectangular beam is given by replacing E in 
Equation (7) with biaxial modulus and substituting M with 
σwt/2, producing the relationship between radius of 
curvature and surface stress of the cantilever. This is shown 
in the original Stoney’s equation [16]:  
sEtR
  2161                   (8) 
Equation (8) is further modified to represent the relationship 
between surface stress and deflection of the microcantilever 
beam:  
 
 
 
  zl
Et
s  2
2
13                        (9) 
Surface stress is the work done per area necessary to strain 
an existing surface. The SI unit for surface stress is N/m. 
Surface stress (σs) is defined as the integral of the normal 
stress or bulk stress (σm) in the monolayer over its thickness: 
 mt ms dz0                       (10) 
III. FEM ANALYSIS 
Typical reported microcantilever dimensions are in the 
range of 40-100 µm wide, 200-800 µm long and around 1µm 
thick. When designing microcantilever-based sensors, it is 
important to investigate and optimize the cantilever 
parameters that affect sensor sensitivity.  
A. Geometry  
Sensitivity of a microcantilever sensor is dependent on its 
geometrical dimensions. The FEM modeling and simulation 
approach is employed to investigate the relationship 
between the displacements and the microcantilever length 
and thickness. MEMs multiphysics simulation software, 
Coventorware is used to simulate various conditions. 
According to the work reported in [9, 17] typical 
compressive surface stress generated in biomolecular 
interactions is 10 mJ/m2. The simulations for cantilever 
geometry variations are conducted using this published 
surface stress value. The cantilever model is built of two 
layers: a thin layer and a bulk layer. The bulk layer is the 
cantilever beam that is made of silicon. Meanwhile, a thin 
layer is deposited on top of the bulk layer to act as the 
adsorbate layer. The thin layer on the surface is pre-stressed 
in x and y-directions to simulate a uniformly distributed 
axial surface stress generated by the adsorbates. The 
thickness of the simulated biocoating is 0.001µm. By 
substituting the published surface stress value in Equation 
(10), the normal stress value of 10 MPa is obtained. This is 
applied biaxially, in the X-Y direction on the coating layer 
on the top side of the cantilever. The cantilever is meshed 
using the Manhattan parabolic mesh.  
In the first simulation, the width and thickness of the 
microcantilever beam is fixed at 100 µm and 1 µm, 
respectively, while the length of the beam is varied from 
100-1100 µm by assigning a trajectory variable. The 
simulation results are presented in Fig. 3 and Fig. 4. It can be 
observed that as the length of the cantilever beam increases, 
larger displacements are generated.  
In the second simulation, the length and width of the beam 
are fixed at 615 µm and 100 µm, respectively. Similarly, the 
thickness of the beam is varied using parametric study 
function as shown in Fig. 5. Unlike in the previous 
simulation whereby the beam’s displacement is proportional 
to the length of the cantilever, the displacement in the second 
simulation decreases as the thickness of the beam increases. 
 Fig. 3: Results for varying length simulation. As the length 
increases, the deflection of the beam also increases.  
 
 
Fig. 4: Graph illustrating the relationship between the length 
of the beam and the displacement of the microcantilever. 
 
 
Fig. 5: Graph illustrating the relationship between the 
thickness of the beam and the microcantilever beam’s 
displacement. 
 
 
 
B. Shape 
We also investigated the role of various shapes in the 
microcantilever sensitivity. In addition to the original 
rectangular beam, we carried out simulations on three other 
shapes as follows: (i) a rectangular beam with a hole in the 
middle (see Fig. 6), (ii) a rectangular beam with eight 
repeating square holes located in the middle (see Fig. 7), and 
(iii) a triangular shaped beam (see Fig. 8).  
The simulation results are shown in Fig. 9. As can be seen 
from the figure, the examined shapes do not notably 
contribute to the sensor’s sensitivity in static analysis. This 
shows that the sensitivity of the microcantilever sensor is 
independent of the beam’s width which is consistent with 
Stoney’s formula. 
  
 
Fig. 6: Rectangular beam with a hole in the middle. 
 
 
Fig. 7: Rectangular beam with eight repeating square holes 
located in the middle. 
 
 
Fig. 8: Triangular beam. 
 
 
Fig. 9: Graph illustrating the relationship between the 
microcantilever displacement and surface stress for various 
shapes. 
C. Material  
The substrate material that is used in microcantilever 
fabrication also plays an important role in the sensor’s 
sensitivity. Microcantilevers are usually made up of silicon, 
silicon nitride or silicon dioxide. Polymers such as SU8 
utilized as the microcantilever material is gaining popularity 
among designers due to their much lower Young’s modulus 
(38 times lower) compared to their silicon counterparts. The 
low Young’s modulus implies low stiffness or spring 
constant value which leads to more bending and larger 
displacement. The spring constant, k, of a microcantilever 
can be estimated using the following: 
3
3
4l
Ewtk                                    (11) 
where w is the width of the beam.  
The displacement for different materials is simulated. 
Typical cantilever dimension of 615µm (l) × 100µm (w) × 
1µm (t) is implemented for this simulation. The comparisons 
of mechanical properties for the examined materials are 
provided in Table I. The surface stress is varied under 
material properties in parametric function. Referring to Fig. 
10, cantilever using SU8 generates the highest displacement 
values, followed by silica, polysilicon and silicon nitride 
(Si3N4). Upon surface stress change, SU8 cantilever with the 
lowest spring constants resulted in a more sensitive respond 
than those materials with higher spring constants.   
 
TABLE I 
COMPARISON OF MECHANICAL PROPERTIES OF VARIOUS MATERIALS 
Properties Polysilicon Silica Si3N4 SU8 
E (GPa) 160 73 315 4.4 
ν 0.22 0.17 0.27 0.22 
ρ (kg/m3) 2230 2200 3184 1190 
k (N/m) 0.02 7.85× 
10-3 
0.03 4.32× 
10-4 
 
 
 
 
 
Fig. 10: Graph illustrating the relationship between the 
microcantilever displacement and surface stress for various 
materials. From the graph, it can be seen that SU8 produces 
the highest displacement compared to silica, polysilicon and 
silicon nitride. 
IV. CONCLUSIONS 
Microcantilever biosensors are believed to have a great 
outlook in biomedical field due to their small sample 
consumption and portability. Sensitivity of their cantilever 
beam can be improved by optimizing its length, thickness 
and its material. The length and thickness of the cantilever 
beam affects the sensitivity response. The length of the beam 
is proportional to the beam’s displacement. Increasing the 
beam’s length increases the beam’s displacement. On the 
other hand, the thickness of the beam is inversely 
proportional to the cantilever’s displacement. Thicker beams 
generate smaller displacements compared to thinner beams. 
Meanwhile, materials with lower stiffness values generate 
higher displacements. Besides optimizing the sensors 
hardware parameter, researchers need to have a sound 
knowledge in the theoretical description of direction and 
magnitude of deflection of the cantilever beam for their 
samples. For example, the type of interactions that occur 
between the receptors and ligands also contributes to the 
sensitivity. In our future work, we will investigate the 
relationship of the concentration of target molecules as well 
as intermolecular forces between the adsorbates on the 
microcantilever beam displacement.  
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